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ABSTRACT ^ 

A study investigated connections between reading 
difficulties and short term memory processes in order to explore the 
psychological basis for so^e individual* differences in reading 
compreh'bnsioiiH skills. Drawing on pi^^vious research indicating that 
poor readers were inferior to normal ones in judging whether two 
patterns of long and short tones were the same, the study^ examined 
•whether the groups differed in ability to accurately encode patterns 
into auditory short term memory or in ability to maintain patterns in 
memory after they have be^n stored. The study also investigated the 
relationship among performance on a verbal sequential memory task, . 
auditory digit span, and reading skill. Subjects, 35 normal and 63 . 
poor fifth grade readers, were presented with pairs of riorse 
Code-like patterns separated by 2-, 5-, and 10-second intervals,^ 
and aske^ to judge if the jpatterns were the same.\Results showed that 
poor readers performed significantly worse on pat;tern comparison only 
at the longest interval, suggesting an inability to maintairt properly 
encoded patterns and that poor retention ^of information in short term 
memory probably results in both semantic and syntactic processing 
breakdowns during reading. Digit span correlated significantly with 
reading ability, but not with pattern-comparison performance. Digit 
span may be correlated with reading skill because of a common 
dependency on rapid coding of verbal stimuli. (FL) 
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Abstract 



Previous research indicated that poor readers were inferior to 
n6rmal readers in judging whether two patterns of long and short tone? 
were the same. The current study investigated whether the group^ dif- 
fered in ability to accurately encode patterns into auditory short-term 

memory or in ability to maintain patterns in memory after they are 

jk " . ' ^ 

stored therq. Normal and poor fifth-grade readers were presented with 

pairs of Morse code-like patterns separated by 1-, 2-, 5-, and 10- sec 

intervals. Subjects judged whether thfe patterns were the same. The 

study also investigated the relationship between a verbalr* sequential 

memory task, auditory digit span, and reading skill. 

Poor readers performed significantly worse on pattern comparison 
only at the longest interval, suggesting an inability to maintain pro- 
' perly encoded patterns. Poor retention of information 'in short-term 
memory probably results in both semantic and syntactic processing 
breakdowns during reading. . . 

Digits span correlated significantly with reading ability, but not 
with pattern-comparison performance. Digit span may-be correlated with 
reading skill because of a common dependency pn rapid coding of verbal 
stimuli..' ■ r ' ' 



Short-term Memory for Auditory 
Sequences and Reading Skill \ \ 

^ Reading disabilities pose, a serious problem for our schools. Our 
schools are not in a good position to rectify these deficiencies be- 
cause their cognitive underpinnings are not ^ell. understood^ The 
current study investigated connections between reading disabilMiles and 
short-term memory processes in an attempt to explore the psychological 
basis for some individual dif f eii^ences in reading-comprehension skills 

"feirch and ^^e^mont (1964) asserted that the difficulties of retarded 
readers derive from their inability to .form connections between visually 
and auditorially poded information in short-term memory. Clearly, 
reading instruction concentrates on the translation of ' visually jpre- 
sented materials into sounds and vice Versa, so cross-mddal integration 
would certainly be a reasonable place to^Took »£or individual differences 
affecting reading comprehension. 'However, Birch and Belmont^s^ investi- 

cr:> 

gation was flawed in that it confounded the temporal and sensory ;^>* 
pro^>erties of the sttnn^li. The yisu^l stimuli in their experimental 
^task were presented simultaneous ly,- and the auditory stimuli were 
presented^equentlally. 

f 

More recent research has suggested these individual differences 

. ' ' r 

reported by Birch and Belmont in reading comprehension derive largely a 
from variations in the ability to process sequential information, per 



S6, 



rather than from <^ff erences in intersensory integration skills^. 
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Corkin (1974) )f ound that inferior elementary school readers performed 

less well than adequate readejrs on tasks requiring serial recall of 

auditorially pres^ted digits or reproduction of a series of taps on 

cubes at different spatial locations. Similarly, Zurif and Carson — - 
• ot . - 

(1970) foui\d that normal and poor readers could be distinguished by j 
their ability to* discriminate between , successively presented sets of 

V 

rhythmic taps from the rhythm subtest of the Seashore Measures of Mu- , 
sical Talents. Likewise, normal readers performed inbre atcurately on 



an analogous <^isual test that used rhythmic^ patterns of light. - 

These differences hefjJSeen teading-ability groups in short-terin 
memory for sequential patterns are particularly strong and consistent 
when the sequential patterns are presented auditorially (Badian, 1977; 
Jones, 1974; Payne, Davenport, Domague, & Soroka, 1980). Payne et al. 
demonstrated the importance of sequential auditory short-term memory 
in a study of Birch and Belmont's (1964) hypothesis about fhe role of 
intersensory J.ntegration in reading ability. ' Payrie et al. eliminated 

the confounding of intersensory inte^ation with sequential versus 

i ^ , / 

I simultaneous presentation by presenting all stimuli sequentially. 

/ 

Subjects had to verify whether two se'quential patterns of long and 

short pulses and pauses were th^ same or different. These Morse code- 

• ' #1 

like patterns were presented auditorially as series of beeping tones, 
visually as different durations of activation of a light, and tactually 

as different length vibrations of a plastic disc' on' which' the subject's 

- ' 

finger Was placed. All nine possible combinations of the three sensory 
modalities ^n two temporaiL positions (first and second positions in the 
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1 •, ■ ^ . , :, • ■ 

comparison pair) were presented ta normal and po<^r readers in the third, 

fourth, fifth, and sixth grade^. ' 

Payne and his colleagues found t^at cross^modal* comparisons were 

^ore diffij::urt than intramodar comparisons , but . this effect did not . 

interact with grade level or reading-comprehefisions level and thus was 
V ' * • 

not £L s^ourc'S of individual^ or developmental differenced. It was the 

~ . ./■.,.. , 

aOditory mode that discriminated betwefen reading levels. Poor readers 

' * ' i ^ 

performed sigifif IcantlV worse than ncTrmal readers when the first Tpat- 



tern was presented auditorially , reg9rdles& of the modality of preseii-^ ^ 

v .... 

tation of the secpnd patterxx.. Performances of the two groups did not 

differ'if the presentation of the first patterrfwas visual or tactual.^ 

1 ' ^ ' * ^ ' ^ 

Thuslthe results*of Payne et al.'s ^tudy indicated that auditory short- 

/ ' * ' ' / 

term memory was related to the reading-comprehension leveLa. of theifv 

subjects. However, they did not determine whether normal\and poor 

readers dif feted in their ability to accurately encode the tonfil-pat- 

terns into auditory short-term memory or in their ability tP maintain 

the patterns in memory after they were stored there. The current 

study a^empted to reso^y® this issue. - ' 

The ^study also investigated the relationship betweexi -auditory 

^ . ' ' / . • 

digit span and reading disabilities^ Both^s, digit span and Payne et al.'s 

(198.0) auditory pattern-comparison ^ask^ involve short-term memory for 

sequentially presented auditory patterns. However, because d'igit span 

involves verbal stimuli and, the experimetital pattern-comparison task 

does not, these two ta^ks may assess* different components of 




comprehension skill.- 




Method * / 



Short-term Memoo^y 



Subjects ' " ^ 

Subjects were 'fif th-girade students attending^ Atlanta public schools^ 

' . - -I 

They were divided into two groups on the basis of scores on the Reading 

> * ■ 

.Comprehension subtest of the California Achievement Tests. Each of 35 
subje^s in the Normal Reader group scored within 1 standard etror of ; 
measuremetit of the national norm, and each of 63 subjects in the Poor 
Reader group scored at least 2^years below grade level. ' ^ 
Procedure ^ o ^ - 

Subjects were individually examined on the WISC-R Digit Span sub- , 
test and the auditory pattern-comparison tas^ The patterft-coipparison 
task consisted of pairs of tonal patterns recorded on audio tape whiqh 
the subjects had to identify as being the same or different. Each 
pattern was composed from three to five elements which were either 
lotig (0.75 sec) or short (0.^^ s^c) tones or pauses (0.25 sec). 

Patterns within a pair were separated by a 3 sec interval in the 
study of Paynj^ et al. (1980). In the current study retention intervals 
of 1/2, 5 and 10 sec were employed. Eaqji subject within each reading 
group was assigned to one of these four time-interval conditions. If 
the comprehension difficulties of poor readers derive from an inability 
to accurately encode' information into ajiditory short-terjn memory, then 
the two reading groups' accuracies should differ at all Intervals. ^ 
However, if poor readers suffer primarily from an inability to maintain 
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an accurately encoded tra,ce, the -differences between reading groups 
would be expected to*be a function of interval length. ' \ 

Two sets -of practice patterns w^re recorded ^br each time-i^te«*.val 
condition, one set lAd-thout p'auses , ar/d one set** w'ith pauses. Each sub- 
ject practiced with eiach set until a criterion of three consecutive ^ 
correct responses occurred. . The subject was then presented with test 
pairs tha^t were the same 36 pairs of p&tter^s employed by Payne et al.*^ 
(1980). . • r. ' ' . 

... • • Results ' . • 0. 

^ . The results for the pattern-compaijison task are summarized in 
"Figure 1. .Analysis of variance revealed significant effects for 
Reading Groups F(l, 82) = 15.02, £ < .001,. Time Intervals, 8;2) 
= 4.15, < .01, and Readings Groups X Time Intervals interaction, 
F(3, 82) = S.tiO, £ < .05.''^ test for simple effects of time intervals 
showed that they significantly influenced poor * readers, F(l, 82) = 6.58, 
£ < .01,- bu^t not hotmal readerfs.* The difference in accuracy* between 
the two groups of subjects was significant only at the 10-sec interval 
(£ < .01) when compeared by Tuke^s HSD procedure.' * ^ 

Consistent with previous research, (e.g., Badian, 1977pNkidoo, 

1972), a positive relationship was fqund between reading ability and 

digit span, as indicat^ed by a significant biserial -correlation between 

Reading Group and 'WISC-R Digii: Span (H ^^j^g = •52j>,^'< .001). However, ^ 

the full set ^of total (combined forward and backward) digit spans did 

noty correlate significantly with the full set of scores on the non- 
verbal pattern comparison task. When forward, backward, and total 
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. d^.git spans were examined separately for each reading group, forward^ 

f . * ' ♦ , • ' . ^. ^ 

digit s^an found tO correlate significantly ^ith pattern-compari- . 

son perfoi^mance for the Poor Reader ^^group (r^ = ^33, £ < .01), and ^ 

total digit span was found' to correlate significantly with pattejijn- ' ./ 

comparisori performance for the Normal Reader group^(r^ = .31, < i05). , 

- 1) ' • . * 

* ' ' ' • . ■ * 

jl , Conclusions / . , 

'Although both gigit span and aiiditoty pattern comparisori involve 

short-term "memory for sequenti&l auditory, patterns," thei^ relatiQnshIp .) 

to each other cj|oes;.^ot appear | to be ,very st/ong or consistent. Both 

' ^ * * V ■ . ■ ' :f 

tasks fiiscrim'inated between normaLand poof -readers, but they seemed 



to 



assess somewlMt different components of ^reading comprehension. 



^Recent re&earch '(e. g. , ^^Chi , 1976; Dempster, 1981; . Perf etti & Lesgold, 



1977; ^dfgese!^,,&^ has sugge^ed tjiat perhaps the most Crit-V 

ical determinant of individual differences iti digit spari is proficiency^ 

in identifying or ceding the digits themselves. LaBerge aijd Samuels 

(1974) have underscoi-'ed tKe importance of automatic coding of stimuli 

for reading comprehension. Digit -span and reading compr^hertsioij rfay be 

interrelated because of a common depefidency oh rapid ve^rbal coding. 

Verbal coding efficiency may* not accoiint fully for observed dif- 

f erenc^'s /in readin-g-compr^hension skill^, however. »-Hess and^Radtke 

(1981) have asseirJ:^eff tEat 'short-term memory processes occurring after 

the completion of enc64ii^t|;- also contribute to comprehension proficiency. 

The nonverbal pattern comparison task appears to disc|:ipinate between 

normal and poor readers by tl^vealing differences in their ability to 
maintain' Information in auditpry short-term mem^^ry following encoding. • 



-term Memory 

If encd'ding proficiency had been dif-ferent bet'ween the reading groups 
on tjie pattern-comparison task, performance of normal readers should 
have been superior to that of poor readers even at the shortest time 
interval. Although some differences did occur between groups at each 
time Interval, the only significant difference occurred at \the longest 
interval. Normal readers' perf oni;,ance appeared to be \inaffected by 
tjie retention interval, but poor readers' performance deteriorated atn 
the lQ;j^se(^ l,nt^rya:i. , Obvibusly, an inability to maintain information 
in short-term memory could influence reading-comprehension levels. Xn 
order to undexstatid ;ar proposition in a. text, the reader must be able • 
to relate newly read parts of the proposition to earlier read parts. 
"Likewise,' the reader must^be able to rebate new propxisitions to pre- 
viously read propositions in order to develop a meaningful schema fot 
the text. How effectively o\ie Qan do this d^ends on how well the 



earlier propositions are maintained in short-term memory (Kintsch & 
van Dijk, 1978). , ^ - 

A deficiency in the ability to ma;Lntain acoustic signals of varying 
durations may also underlie poor readers' difficulty with syntax. 
Vogel (1975,) and Ett^fl^^&78) found ability to recognize syntax 'to 
be jthe best single predj^|HpX)f reading comprehension in normal and 
dyslexic readers. Martin wr!Tii2) fias asserted that speech is gdverned 
by a hierarchically organized rhy^m pattern, and Hamill (1976)' has 
demonstrated a relationship Between the* timing of words spoken or read 
in a phrase or sentence and nhe function played by those words. 
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Hamill found that college readers tended to assign^ longer temporg^l dti- 
hrations to high-information words, such as nouns and verbs, than to 
low-information words, such as articles and prepositions. Thus a child 
who has difficulty maintaining temporal information in meq^ry might 
reaci poorly if t^poral patterns are correlated with linguistic syntax 
in childreh as they are in college readers. 

-. ' \ ■■ • •• ' . ■ 

The cOrre^at0.on between temporal components and linguistic syntax 
suggests an additional reason for th^ lack< of relationship between digit 
span and i the auditory pattern-comp^ison procedure. Conventional 
measured of digit span present digits at a constant rate. Although 

digits Ithemselves vary somewhat in temporal length, a sequence of digits 

' 4 ' ' ■ ' ■ - / 

considered as a temporal pattern would na^ vary as much from another 

I. ■ ^ f 

jpatte|tt as the Morse code-like^pattern^in the pres^nt^study . For this 
^easqn, digit span probably does not measure components correlat'e^ with 
syntax as the auditory patternr-co^mparison procedure does. Although 

, I \ . ; - . ^ / 

bot^ procedures discriminate between good and poor readers, they may do 

I , .. 

soffor different reasons. . . ' ' . 

I 
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TIME BETWEEN PATTERNS 
(SECONDS) 

Figure 1. Mean rruml^er of correct responses as a function of time 
between patterns. * 



